admission to the cardiovascular surgery ward or at the outpatient clinic for a routine health checkup. EKG diagnosis criteria were according to the Huang Wan Clinical Electrocardiography. [4] definition • Sinus bradycardia is defined as sinus rhythm <60 bpm • First-degree AVB is defined as PR interval >200 ms • Left ventricular high voltage with accompanying ST-T change is defined as EKG showing RV5 + SV1 >4.0 mV (men) and RV5 + SV1 >3.5 mV (women) with ST-T elevation or depression >0.05 mV • Left atrial abnormality is defined as a board, notched, or bifid P wave with a duration time ≥0.12 s, ≥0.04 s between the two peaks, most visible in leads I, II, aVL, and a negative P wave component of >0.04 s and >0.1 mV in leads V1 and V2 • QTc elongation is defined as QTc >460 ms (women) and
QTc >450 ms (men).
Statistics
All values were expressed as the mean ± standard deviation or percentages. Differences between the patient groups were tested by univariate analysis (Chi-square test or two-tailed t-test as appropriate). P < 0.05 was considered statistically significant. All analyses were performed using SPSS statistical software (version 23.0 software, Chicago, IL, USA).
Results

Clinical characteristic comparison between the three groups
Clinical characteristics of the three groups are summarized in Table 1 . Checkup group comprised 100 randomly selected health routine checkup patients from the outpatient clinic. There were no clinical aortic diseases or other clinical information from the checkup group. The dissection group has a higher incidence of hypertension than that of the MFS group (32.9%
for surgical intervention at Shanghai Deltahealth Hospital between September 2016 and January 2018. After all aortic disease patients were enrolled into the MFS or dissection groups, EKGs were collected and analyzed.
Baseline characteristics and method Baseline characteristics
Initially, 154 consecutive aortic disease patients from the Cardiovascular Surgery Ward, Shanghai Deltahealth Hospital, were admitted to the study. Three were excluded because of insufficient EKG results. A total of 151 patients were enrolled into the study with 102 male and 49 female patients. We followed standard MFS diagnosis criteria, which have been in use since they were first described by Wilner and Finby in 1964 and then later revised by Pyeritz and McKusick in 1979 . [3] The criteria included (1) musculoskeletal disease: arachnodactyly being the most typical indicator; (2) ocular disease: ectopia lentis being the most typical indicator; (3) cardiovascular disease: aortic root dilatation being the most typical indicator; and (4) family history of MFS. Satisfying two of the four criteria allows for the diagnosis of MFS. Aortic diseases include acute or chronic aortic dissection, aortic dilatation, aortic aneurysm, and aortic aneurysm with dissection. To serve as a negative control, 100 patients from outpatient routine checkup were enrolled into the "checkup" group. There were no clinical aortic diseases or other clinical information from the checkup group. EKGs between the three groups were compared and analyzed. Baseline characteristics showed the MFS group with an average age of 31.9 ± 10.3 years old, lower than dissection groups and checkup groups (51 ± 14.2 years old and 48 ± 11.6 years old, respectively). There were no statistical differences in average age between the dissection group and checkup group. There were no statistical differences in gender among all the three groups.
Methods
Resting EKG was collected by the PHILIPS PageWriter TC20 Cardiograph within 24 h following aortic disease patient vs. 4.0%, P < 0.01). There were no significant differences in perioperative cardiac insufficiency, which was defined by brain natriuretic peptide (BNP >400 pg/ml) within 2 weeks of surgical intervention, between the dissection group and MFS group (19.8% vs. 14.7%). Compared to dissection group, the MFS group had a higher rate of reoperation (48% vs. 18.4%, P < 0.01), higher rate of combined thoracic and abdominal aortic disease (26.7% vs. 9.2%, P < 0.01), lower rate of ascending aortic disease (40% vs. 64.5%, P < 0.01), and a lower rate of emergency admission (5.3% vs. 53.9%, P < 0.01). Echocardiogram analysis showed that the MFS group had a higher left ventricular end-diastolic diameter than that of the dissection group (53.2 ± 9.95 mm vs. 47.8 ± 5.65 mm, P < 0.01); however, there were no significant differences in left ventricular diameter (LVD), left ventricular ejection fraction, and left ventricular wall thickness (36.3 ± 9.8 mm vs. 34.2 ± 6.6 mm, 60.4 ± 12.15% vs. 62.0 ± 7.75%, and 10.3 ± 1.7 mm vs. 11.5 ± 1.4 mm, respectively) between the two groups.
Electrocardiograph characteristic comparison between the three groups
EKG characteristics of the three groups are summarized in Table 2 . There were only 4 cases of sinus bradycardia, 1 case of first-degree atrioventricular block (1° AVB), 1 case of left ventricular high voltage, and the rest were normal EKGs. Between the dissection group and MFS group, there were only 17 and 16 cases with normal EKGs, respectively, and the rest of the remaining cases had EKG abnormalities. By tallying each count of EKG abnormalities, including sinus bradycardia, 1° AVB, left ventricular high voltage, ST-T change, QT prolongation, left atrial abnormality, bundle branch block, premature atrial contraction, premature ventricular contraction, and atrial fibrillation, the MFS group showed higher combined EKG abnormalities than that of the dissection group (1.7 vs. 1.2, P < 0.05). The data showed that aortic disease often had accompanying EKG abnormalities, including sinus bradycardia, 1° AVB, left ventricular high voltage, ST-T change, and QT prolongation, with left ventricular high voltage, ST-T change, and QT prolongation having the highest prevalence. The MFS group showed a higher prevalence of EKG abnormalities compared to the dissection group in sinus bradycardia (10.7% vs. 1.3%, P < 0.05), 1° AVB (13.3% vs. 3.9%, P < 0.05), and left ventricular high voltage with accompanying ST-T change (20.0% vs. 2.6%, P < 0.01).
discussion
This study showed that only 21.9% of aortic disease patients have normal EKGs, and the rest displayed various degrees of EKG abnormality, such as conduction delay, QT prolongation, and atrial and ventricular arrhythmias. The results indicated that aortic diseases with accompanying EKG abnormality are a common phenomenon. Acute aortic dissection may cause aortic regurgitation, insufficient coronary artery perfusion, and cardiac tamponade, which may all lead to EKG abnormalities. Chronic aortic dissections, aortic root dilatation, aortic aneurysm, or aortic aneurysm with dissection may cause chronic cardiac preload increase and chronic myocardial damage, which can lead to EKG abnormalities. Researchers have shown that nonMFS aortic disease patients have a higher rate of accompanying hypertension and atherosclerosis, and these systemic diseases may affect the cardiac microcirculation causing widespread myocardial damage, manifesting in various types of EKG abnormalities. [5, 6] Compared to regular aortic disease patients, the results indicated that a surprising amount of MFS patients have multiple combined EKG abnormalities. From the clinical baseline statistics, the results showed that MFS group are younger in age, have less prevalence of hypertension, and have less incidence of emergency room admission, but have a higher rate of combined thoracic and abdominal aortic surgery and a higher rate of reoperation. However, from our previous understanding of major vessel disease risk factors related to arrhythmia, young age, nonemergency setting, no accompanying chronic diseases, and combined thoracic and abdominal aortic disease rather than ascending aortic disease all seem to be negatively correlated factors. [7] [8] [9] Although EKG studies on MFS patients are few, the results implied that MFS itself may be the cause of various combined EKG abnormalities. Further in-depth studies are required to justify the cause and effect of MFS-related EKG abnormalities.
Although the EKG abnormality occurrences between the MFS and dissection groups were similar, the MFS group's EKG abnormalities had unique characteristics, particularly in bradycardia, AVB, and left ventricular high voltage with ST-T change. Since the pathological and pathophysiological factors caused by aortic diseases are considered the same between MFS group and aortic disease-positive control group, it is reasonal to infer that EKG abnormalities in MFS group are unique to Marfan syndrome itself. The echocardiogram analysis between the MFS and dissection groups showed no significant difference in heart structure or function; thus, the EKG abnormalities in the MFS group must be attributed to other factors. Savolainen et al.
had conducted a Holter monitor on 45 MFS patients and showed that MFS patients have higher incidence of AV conduction delay and ST-T change compared to a negative control group, which were independent of echocardiogram-measured ascending aortic root diameter, left atrial diameter, LVD, left ventricular wall thickness, and contraction function. [10] These results align with our current findings. The current study raises speculation that MFS itself may be a dominating factor in cardiac electric conduction system abnormalities. We hypothesized that MFS collagen deficiency may cause myocardium interstitial microfibril deficiency, subsequently leading to a delay in cardiac electric conduction. However, this hypothesis needs further in-depth research to provide a significant proof. Jianzhong and Dengwei had reported two cases of sudden death in young MFS patients, demonstrating coronary artery intimal hyperplasia leading to stenosis in the sinoatrial node and atrioventricular node area with decreased sinoatrial node cells and increased fibrosis in the area. This is an indicator that MFS may have significant pathological changes affecting cardiac electric conduction system. [11] conclusion MFS is a complex disease affecting multiple organ systems. This investigation is a retrospective observatory research on aortic disease accompanying EKG abnormalities and reports unique characteristics in MFS aortic disease accompanying EKG abnormalities for the first time. MFS aortic disease accompanying EKG abnormalities may be associated with connective tissue disease affecting the cardiac electric conduction system and chronic volume overload-related myocardial damage.
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